The present study aimed at constructing an attitude scale toward school science using the generalized graded unfolding model (GGUM). A 47-item scale (24 positive, 23 negative) with 4-point response format was used to measure attitudes toward science among 9 th (n=424) and 10 th (n=420) grade students in 38 sections distributed randomly over 22 schools in Irbid district. Respondents selected one of four options to represent their level of agreement with each item. The findings support the hypothesis that the data form a single unidimensional unfolding model. Furthermore, the findings showed that the GGUM didn't fit the data of 7 items, leaving the final scale with 40 items, where accurate estimates of these item parameters were derived and the GGUM was appropriate. Cronbach's alpha for the internal consistency, and the test retest reliability coefficients of the final scale were 0.932 and 0.875, respectively.
The present study aimed at constructing an attitude scale toward school science using the generalized graded unfolding model (GGUM). A 47-item scale (24 positive, 23 negative) with 4-point response format was used to measure attitudes toward science among 9 th (n=424) and 10 th (n=420) grade students in 38 sections distributed randomly over 22 schools in Irbid district. Respondents selected one of four options to represent their level of agreement with each item. The findings support the hypothesis that the data form a single unidimensional unfolding model. Furthermore, the findings showed that the GGUM didn't fit the data of 7 items, leaving the final scale with 40 items, where accurate estimates of these item parameters were derived and the GGUM was appropriate. Cronbach's alpha for the internal consistency, and the test retest reliability coefficients of the final scale were 0.932 and 0.875, respectively. Keywords: unfolding model, attitude scale, attitude toward science, Irbid school district. Understanding students' attitudes is important in supporting their achievement and interest toward a particular discipline; so identification and influence of attitudes became an essential part of educational research (Prokop, Tuncer, & Chuda, 2007) . There is much interest in science subjects in high school and students attitudes toward those subjects because students' attitudes toward science affect their achievement in science. Many Studies reported a positive correlation between science attitude and science achievement (Morse and Morse, 1995; Schibeci and Riley, 1986; Simpson and Oliver, 1990) . Such attitudes received attention in science education research, and it became one of the most important goals of the curriculum to develop an appositive attitude toward science (Koballa and Crawley, 1985; Laforgia, 1988 , Osborne, Simon, & Collins, 2003 .
To measure changes over time in scientific attitudes, valid, and precise scales are needed. There are two main response processes for constructing social psychological scales: cumulative and unfolding processes. They relate the responses to locations of persons and items on the latent trait continuum. In the cumulative process, the greater the location of the person relative to the location of the item on the continuum, the greater the probability of a positive response. This process is based on the dominance relation, and defines item trace line that is monotonically increasing. While in the unfolding process, the closer the location of the person to the location of the item on the continuum, the greater the probability of a positive response. Thus, it is based on the proximity relation, and defines single-peaked shape where probability of choosing an item increases with decreasing distance between person and item (Andrich, 1988 (Andrich, , 1993 Hoijtind, 1990 Hoijtind, , 1991 . Unfolding model is considered in this study.
Many researchers have argued that binary or graded agree-disagree responses result from an ideal point process in which a person endorses an item to the extent that it matches his/ her opinion (Andrich, 1996; Roberts, Laughlin, & wedell, 1999; & Van Schuur and Kiers, 1994) . This argument implies that the unfolding model is more appropriate for the agree-disagree data than the cumulative model (Roberts, 1995; Laughlin, 2000, Roberts and Laughlin, 1996) .
The generalized graded unfolding model (GGUM) is an item response theory (IRT) model that is commonly used by psychologists. It comprises a collection of modeling techniques that offer many advantages over classical theory. By considering the correlation among the item responses, IRT extracts more information from the data, more information can be gained about the relationship between the items on the test and the construct being measured (Embretson, 1996) . It specifies the relationship between a person's observed responses to a set of items and the unobserved latent trait that is being measured by the item set. It also implements Single-Peaked, nonmonotonic probability functions, and allows for binary or graded agree-disagree responses (Roberts, 2001; Roberts et al., 2000; & Roberts, Lin, & Laughlin, 2001) . Furthermore, if a parametric unfolding model is used, and adequately fits the data, then the item parameters will be sample free and the person parameters will be item invariant (Hambleton, Swaminathan, & Rogers,1991; Hoijtink,1990) .
The GGUM allows for differential response category use across items, it also allows variable levels of discrimination among items, and has the properties of sample invariant interpretation of item parameters, item invariant interpretation of person parameters (Roberts, 2001; Roberts, 2003; Roberts et al., 2000; Roberts et al., 2001 ).
For attitude measurement in the GGUM, binary or graded agree-disagree responses to attitude items are often collected, where a person may respond in a given response category for either of two reasons. For example, a person might strongly disagree with an attitude item because its content is either too negative or too positive relative to his/ her opinion. If the item content is too negative, the person "disagree from above the item" because the person is located far above the item's location on the attitude continuum. If the item content is too positive, the person "disagree from below the item" because the person is located far below the item's location. (Roberts and Laughlin, 1996; Roberts et al., 2000) . The GGUM represented by the following equation below 
Zi= is an observable response to attitude statement i;
j is the location of person j on the attitude continuum;   is the location of attitude statement i on the attitude continumm;
i is the discrimination of attitude statement i; ik is the location of the k'th subjective response category (SRC) threshold on the attitude continuum relative to the location of the ith item; and M is the number of SRCs minus 1.
The item response function is single-peaked, and symmetric about     = 0, by computing the expected value of an observable response for various values of     using the probability function given in the equation (Roberts, et al., 2000; Roberts et al., 2001 ).
Many studies have used different versions of GGUM for different purposes. Roberts & Laughlin (1996) used the graded unfolding model (GUM) to analyze the responses of 245 respondents to Thurston's attitude toward capital punishment scale of 24 items. The results showed that 17 items fit the model well, with a gap between the estimated locations due to the lack of items in the initial pool that reflect the intermediate opinions. Roberts, et al. (2001) , on the other hand used the GGUM2000 in order to minimize the number of items required to produce accurate estimates of persons' locations where 50 items were used to measure attitudes toward abortion among 750 respondents. The results showed that 47 items fit the model, and the item discrimination coefficients were within reasonable range (.41-2.15). Additionally, the results indicated that the scale can be used to measure attitude trait accurately at middle trait attitude score. Zampetakis (2010) used the GUM to model binary responses, and a Greek version of the Gough's Creative Personality Scale (CPS) of 30 items was administered to 288 engineering students. The results indicated unidimensionality of the CPS construct, where all of 30 items fit the model, and that the scale can be used to measure attitude trait accurately at lower to middle scores of the trait level scores. Roberts, Donoghue, & Laughlin (1999) used the GGUM1998 to investigate the conditions under which item parameter estimation accuracy increases or decreases, based on a recovery simulation in which the effects of sample size, item location, degree of item discrimination, and extremity of subjective category thresholds were varied. The findings demonstrated that with 750 or more respondents, sample size has no effect on all but the estimation of subjective response category thresholds. The true extremity of both item location and item discrimination affected the estimation of these parameters themselves, and also affected the estimation of other item parameters in the model. However, these effects were modest and had little impact on the estimation of the corresponding item response functions. Findings suggest that marginal maximum likelihood estimates of item parameters will provide accurate results across a variety of item parameter configurations when the sample size is at or above the recommended levels.
In a study by Wang and Liu (2011) aimed to develop two methods of item selection in computerized classification testing using the GGUM, the current estimate/ability confidence interval method and the cut-off score/sequential probability ratio test method were used. They evaluated the accuracy and efficiency of both methods in classification through simulation. The results indicated that both methods were very accurate and efficient. The more points each item had and the fewer the classification categories, the more accurate and efficient the classification would be. However, the latter method may yield a very low accuracy in dichotomous items with a short maximum test length. Thus, if it is to be used to classify examinees with dichotomous items, the maximum text length should be increased.
Unfortunately, there is a lack of using (GGUM) in constructing attitude scales toward school science in Jordan. This study aimed at constructing a reasonably accurate attitude scale toward school science using the GGUM. Educators in Jordan may benefit from the scale of this study in practical situations of science attitude measurement. In addition, to the best of the researchers' knowledge, this is the first study in Jordan that constructed an attitude scale toward school science according to the GGUM. Based on Hambleton, Swaminathan, & Rogers (1991) and Hoijtink (1990) , if the model fits the data of the present study, the item parameters will be sample free and the person parameters will be item invariant. Moreover the model can be useful to applied attitude research.
Operational definitions
Person Parameter: The location of person j on the attitude toward school science continuum. Item Parameter: The location of attitude statement i on the attitude toward school science continuum. Attitude toward School Science: The score of 9'th and 10'th grade students in Irbid district on the attitude scale toward school science constructed in the present study. The Generalized Graded Unfolding Model (GGUM): An item response theory model that implements a single-peaked response function, and allows for either binary or graded data.
Purpose of research
This study aimed at constructing an attitude scale toward school science using the GGUM. Specifically, the study will address the following questions:
1. How well the data fit the GGUM? 2. What are GGUM item parameter estimates derived from using the marginal maximum likelihood?
METHOD Sample
Data were collected from fairly similar numbers of 9 th (n=424), and 10 th (n=420) grade students in 38 section distributed over randomly selected 22 schools in Irbid district.
Instrument
A 50-item (25 positive, 25 negative) scale with 4-point response format was prepared according to the related research (Cheung, 2009; George, 2006; Germann, 1988; Prokop et al., 2007; Salta and Tzougraki, 2004; & Siegel and Ranney, 2003) to represent the full range of attitude toward school science.
The scale was independently revised by three experts in measurement and evaluation, four experts in psychology, and three science teachers in order to maintain validity. The revision led to the omission of three items because of repetition, and 47 items retained in the final form of the scale.
Students selected one of four options to represent their level of agreement with each of the 47 items. Both positive and negative items were scored from 1 to 4, from "strongly disagree" to "Strongly agree".
Item bank development
Unidimesionality: Responses of 47 items (24 positive, and 23 negative were scored in the same order with 4 -point response format, where 1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree, without reversing the score order of the negative items) were analyzed using the statisticalpackage for social sciences program (SPSS) for principal components analysis to examine which items were least likely to conform to the unidimensionality assumption of the GGUM. Table 1 shows the factors, eigenvalues, variance, and cumulative variance. 47  46  45  44  43  42  41  40  39  38  37  36  35  34  33  32  31  30  29  28  27  26  25  24  23  22  21  20  19  18  17  16  15  14  13  12  11  10  9  8  7  6  5  4  3 
Scree Plot
As seen in Table 1 analysis extracts 14 factors, all with an eigenvalue greater than 1. The first factor explains 28.20% of the variance it is nearly 4.5 times larger than the second factor 6.48. The eigenvalue of the first factor is 13.26, and the second factor is 3.04. Based on Hattie (1984) if the proportion of the eigenvalue of the first factor to the eigenvalue of the second factor is greater than 2 this is an indicator of the unidimensioality assumption for the GGUM held for the data use in the study. Furthermore the scree plot (eigenvalues versus component number) is shown in figure 1.
Fig. 1: Scree Plot Used to Assess Unidimensionality Assumption
The results shown in Figure 1 indicate the dominance of the first factor, there is no cutoff between adjacent higher-order factors. Furthermore, the test is essentially unidimensional.
Results related to the first question: global model fit
In order to assess the extent to how much the IRT model assumptions are valid for the given data and how well the data fit the IRT model, the whole data set were analyzed using the GGUM (Roberts, 2004) , where all of the 47 items were scored from 1 to 4, from "strongly disagree" to "Strongly agree", respectively without reversing the score order of the negative items. Differences between each person's attitude estimate and each estimated item location ) ( It is clear from Figure 2 that the average expected (solid line) and the average observed (squares) responses increased as the mean difference between person and item locations approached zero, indicating that the model fit the data.
Results related to the second question:
Parameter estimation
The GGUM model uses expected a posteriori (EAP) for estimating person parameters (Roberts, 2004 ). Person-level fit was assessed using  2 statistics. Analysis led to removing 52 persons. Table 2 presents the misfit person parameter estimates. Table 2 shows that the misfit person parameters j ranged from (-2.89 to 2.90), and 2 was < 0.01 at = 0.01 for all of misfit persons, with significant differences between their expected and observed responses.
GGUM item parameters were estimated using marginal maximum likelihood, and G 2 statistic values were estimated to assess the item-level fit. Table 3 shows the item parameters. * DF=HF, where H= number of fit groups out of 10, where 10 groups were determined by the researchers as a hypothetical value the model adopts, and C= 4 -1, where 4 is the number of response scale used in the present study. **significant at  0.01 Table 3 shows that the item parameters   ranged from (-3.51 to 4.47), and G 2 values indicate that 7 items misfit the model, with significant differences at = 0.01 between the expected and observed scores. Then 40 items (20 negative, and 20 positive) retained in the final scale. Cronbach's  was .932 for the internal consistency of the final scale, and the test retest reliability coefficient was .875. After deleting misfit persons and items, the data were reanalyzed. Item parameters of the final scale were estimated using marginal maximum likelihood as shown in Table 4 . Figure 3 indicates that from the person's location we can know the items that he agrees with, where the closer the location of the person to the location of the item, the greater the probability of agreement with the content of the item. Fit of GGUM appeared reasonable.
The likelihood ratio global  2 was insignificant at = 0.1, where  2 = 969.14 with P < .81, which means that expected and observed responses are consistent, as shown in figure 4. Figure 4 shows the close of the observed curve (squares) from the expected curve (solid line), yielded sample free item parameters within different levels of the attitude, which means the GGUM adequately fit the data. The mean of the   distribution and the standard deviation were (0.0012, 0.973) respectively with standard error of 0.04 which is close from normal distribution. Figure 5 shows the latent trait distribution. It is clear from figure 5 that the distribution doesn't differ from a normal distribution. Results showed that all item characteristic curves (ICC) were nonmonotonic, where the probability of choosing an item increases with decreasing distance between the locations of person and item.
All item characteristic curves yielded the test characteristic curve of the final scale as presented in figure 6. Figure 6 indicates the probability of estimating the expected true score at each level of ability j).
Test information function (TIF)
Test information was estimated at each level of j, Figure 7 presents the test information function curve of the final scale. It is clear from Figure 7 that the maximum value of information occurred at  =0, with information from persons whose attitudes occurred between  = -2.5 and  = 2.5 across continuum. 
DISCUSSION AND CONCLUSION
The present study aimed at constructing an attitude scale toward school science using the general graded unfolding model (GGUM). The unidimensionality assumption of the GGUM was explored using a principal components analysis. The results verified the unidimensionality assumption of the GGUM held for the data used in the study, where the proportion of the eigenvalue of the first factor to the eigenvalue of the second factor was greater than 2, and the first factor was dominant.
GGUM item parameters were estimated using marginal maximum likelihood. Results showed that 7 items exhibited a high degree of misfit. Therefore 40 items retained for the final form of the scale. GGUM was found to fit the data of the study, and the marginal maximum likelihood provided reasonably accurate estimates of parameters. This result was quite consistent with the results of most previous studies (e.g., Roberts & Laughlin, 1996; Roberts, et al., 2001; Zampetakis; 2010) .
The internal consistency was established by computing the Cronbach's alpha for the final form of the scale. Cronbach's alpha was 0.932, and the test retest reliability coefficient of the final scale was 0.875. These results reflect acceptable levels of internal consistency and reliability.
The results indicated that the (GGUM) model fit the data, where the average expected and the average observed responses increased as the mean difference between person and item locations approached zero. Results also showed that all item characteristic curves implemented Single-Peaked, nonmonotonic probability functions. These findings were consistent with the findings of other previous studies (Roberts, 2001; Roberts et al., 2000; & Roberts, Lin, & Laughlin, 2001 ). The item elicited greater level of agreement as the distance between the person and the item on the attitude continuum decreased.
The results of the present study revealed no gap between the estimated locations of the items. This result, however was inconsistent with the result of Roberts & Laughlin (1996) . This could be due to the larger number of items in the present study. The findings also indicated the possibility of developing an item set spans along the attitude continuum.
The results also showed that (GGUM) is appropriate for agree-disagree data (Roberts, 1995; Laughlin, 2000, Roberts and Laughlin, 1996) . The model yielded desired information along the attitude continuum and from the persons with extreme attitudes, where parameter estimates and the test information function demonstrated that the scale can be used to measure the attitude accurately at lower to middle to higher levels of this trait. This result was inconsistent with the results of (Zampetakis, 2010; , and it could be due to the larger number of items of the present study.
Finally, the present study yielded sample free item parameters, and item invariant person parameters. This result agreed with previous studies (Hambleton, Swaminathan, & Rogers, 1991; Hoijtink, 1990) in that if a parametric unfolding model is used, and adequately fits the data, then the item parameters will be sample free and the person parameters will be item invariant.
